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A process is described for rolling aluminum products in which the aluminum is passed between rolls of a rolling mill and rolling bite 
friction is controlled by applying to the rolls or less often to the aluminum being rolled a lubricant comprising an oil-in-water emulsion 
having a specific oil droplet size. According to the novel feature, the oil droplet size is adjusted by either (a) blending the emulsion 
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FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/51369 



PCT/CA99/00294 



Process for Adjusting Lubricant Oil 
Droplet Size in an Alumi num Rol liner Mill 

5 Technical Field 

The present invention relates to the operation of 
rolling mills for rolling aluminum (including aluminum 
alloys) and in particular to the lubrication of the 
aluminum during the rolling process. 

10 Background Art 

It is well known in the rolling of aluminum to employ 
a rolling lubricant in the form of an oil-in-water 
emulsion. For example, Dowd et al . U.S. Patent 3,192,752, 
issued July 6, 1965, describes the use of an oil-in-water 

15 emulsion as both the coolant and the source of oily 

lubricant in the continuous cold rolling of aluminum strip 
in a multi-stand rolling mill. In this process, an oily 
lubricant of given composition is sprayed onto the strip 
and the rolls at the entry side of each mill stand. 

20 In Tripathi, U.S. Patent 3,783,664, issued January 8, 

1974, it is disclosed that the change in behaviour of a 
lubricant during its service life is due to changes in the 
average particle size. Thus, it was recognized that the 
optimum particle size of the dispersed oil phase is not 

25 the same for all oil-in-water lubricant emulsions and that 
for a particular lubricant there is an optimum range of 
particle size which can be determined by experiment. 
Tripathi found that emulsion droplet size in rolling 
lubricants could be adjusted by chemical means, e.g. by 

3 0 adding a salt to increase the droplet size and adding a 

soap to decrease the droplet size. However, disadvantages 
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were found in this chemical means for adjusting the 
droplet size. Firstly, a significant lag time is required 
from the time of addition of the chemical until the 
droplet size changes. Secondly, the addition of chemicals 
5 to the emulsion over time begin to change the 
characteristics of the lubricant. 

Currently, oil-in-water emulsions are used to hot 
roll aluminum ingot and slab to produce reroll . Hot mills 
often produce a wide range of alloys. Soft and hard 

10 alloys require different lubrication conditions in the 

mill. Conventional hot mills have single coolant/emulsion 
systems which provide emulsion with one and the same anti- 
friction and anti-wear characteristics irrespective of 
alloys or passes rolled. This creates a situation in 

15 which the mill produces reroll with good and poor surface 
quality depending on the alloy or reduces productivity by 
prohibiting certain passes either due to excessive or 
insufficient friction. Moreover, due to rolling 
conditions, the chemical nature of lubricants and metal 

20 rolled, and mill construction, hot mill emulsions undergo 
significant aging which changes their performance 
throughout their life cycle. 

There remains a need for a system to allow adjustment 
of lubricant emulsion droplet size such as to allow 

25 optimization of friction in response to current or 

computer-projected mill requirements. In this way, there 
could be a reduction in the number of hot mill passes 
required to achieve a final gauge of slab, an increase in 
the rolling speed and or the amount of reduction in the 
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tandem mill, and an improved quality of rolled product 
could be obtained. 
Disclosure of the Invention 

The present invention in its broadest aspect relates 
5 to a process for rolling aluminum products in which the 
aluminum is passed between rolls of a rolling mill and 
rolling bite friction is controlled by applying to the 
rolls or less often to the aluminum being rolled a 
lubricant comprising an oil-in-water emulsion having a 
10 specific oil droplet size. According to the novel feature 
of the present invention, the oil droplet size is adjusted 
by either (a) blending the emulsion components from a 
multi-tank storage or (b) passing a large droplet size 
emulsion through an homogenizer or mixer to obtain 
15 droplets of a desired size. The droplet size is selected 
to optimize the roll bite friction requirements of 
different sheet aluminum products or rolling mills or to 
compensate for emulsion degradation due to aging. 

When an homogenizer is used, it is preferably in the 
20 form of an in-line homogenizer in the lubricant feed line 
just ahead of the roll bite so that an emulsion of ideal 
droplet size is continuously delivered to this region of 
the mill stand. The system of this invention is especially 
valuable when running different alloys through the same hot 
25 mill, e.g. automotive alloys of varying hardness. Thus, 
rather than having to use a different emulsion blend for 
each alloy, a simple adjustment in droplet size is made to 
ensure continued optimum rolling performance. For 
instance, harder alloys such as 5182 require tighter, i.e. 
3 0 smaller droplet size, emulsion than do softer alloys. 
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The emulsion is preferably formulated such that by the 
time it returns to a reservoir for pumping again through 
the circuit, its surface energy level is substantially at 
the minimum, i.e. the emulsion is at its loosest or largest 
5 droplet size. This provides the option of setting the 

homogenizer instantaneously to a variety of energy levels 
depending upon requirements, e.g. as the energy level 
increases, the emulsion becomes progressively tighter 
(smaller droplet size) . 

10 The alternative of controlling the droplet size by 

blending emulsion components from multi-tank storage is not 
as instantaneous as the homogenizer system, but it still 
represents a much improved system over that described in 
U.S. Patent 3,783,664. Thus it is still able to quickly 

15 adjust the droplet size without the addition of any 
chemicals that would not be beneficial to the 
characteristics of the oil-in-water emulsion. 

In a typical oil-in-water lubricant composition for 
use in this invention, the oil phase comprises a 

2 0 hydrocarbon oil base, e.g. a mineral oil fraction with 

viscosities between 1.8 to 600 cSt at 40°C. Into this oil 
base are dissolved load bearing additives and surfactants 
(wetting agents and emulsifiers) . The load bearing 
additives may include fatty acids, fatty acid esters of 

2 5 polyhydric or monohydric alcohols and other esters such as 

phosphates or borates. The surfactants may be either non- 
ionic or ionic or a combination of thereof. The non-ionic 
surfactants may include ethoxylated alcohols, esters, and 
fatty esters, alcohols and alkyl phenols. The non-ionic 

3 0 surfactants may also originate from polyhydric alcohols 
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which have only some of their hydroxy 1 group bound by the 
fatty acid or ethoxylate to form partial esters or 
ethoxylates, respectively. The ionic surfactants may be 
produced by reacting fatty acids with suitable bases such 
5 as amines or inorganic and organometallic basic compounds 
containing metals. The amine-type soap is usually a soap 
formed from an ethanolamine , which is reacted with some of 
the fatty acid. It is also usual to incorporate other 
substances, such as triaryl or trialkyl phosphates (e.g. 

10 tricresyl or trioctyl phosphate) , as extreme pressure and 
ant i -wear additive, and antioxidants (such as hindered 
phenols and amines. 

In a continuous rolling operation, the average droplet 
or particle size of the oil phase is either periodically or 

15 continuously checked. The oil droplet size distribution is 
then restored to a value within the range of optimum. This 
is achieved by either varying the degree of homogenizing or 
varying the blending ratios of emulsion components. 

It is also possible to develop calibration tables 

2 0 whereby droplets of predetermined sizes may be obtained 

based on the proportions of emulsion components combined to 
form the emulsion or the mixing or homogenizing conditions 
used. In this manner, when a different alloy is passed 
through a rolling mill, the droplet size can immediately be 

2 5 adjusted to the optimum range for that particular alloy. 

The emulsion oil droplet size distribution can be 
monitored either on-line or off-line using either optical 
or conductivity-based measurement techniques. A method for 
assessing the average particle or droplet size of an 

30 emulsion oil is described in U.S. Patent No. 3,783,664. 
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The process of this invention can be used not only in 
hot rolling mills, but also in cold rolling, rolling of 
thin strip and for processing of other metals by rolling. 
Best Modes for Carrying Out the Invention 
5 Example 1 

Tests were conducted on a laboratory hot rolling mill 
for rolling aluminum. The aluminum stock that was used was 
AA1100 . 

Emulsions were prepared of large droplet size (loose 
10 emulsions) and small droplet size (tight emulsion) . The 

loose emulsion had a medium droplet size of 5.5 microns and 
the tight emulsion had a median droplet size of 1.9 
microns . 

The loose "HFR-2" emulsion was prepared comprising a 
15 5% dilution in deionized water of the following composition 
(w/w %) : 

40% Quakerol® 740E (neopentyl glycol dioleate ester) 
1.5% Igepal® CO-430 (nonionic alkylphenol ethoxylate 
surfactant - low HLB*) 
20 1.5% Igepal CO-630 (nonionic alkylphenol ethoxylate 

surfactant - higher HLB*) 

1.5% Irganox® L135 (3 , 5-di- tert-butyl-4 - 
hydroxyhydrocinnamic acid, C7-9 branched alkyl esters) 
55.5% of mixture of 40% (w/w) Sunpar® 2280 and 60% 
25 (w/w) Sunpar LW150 (both are petroleum hydrocarbon oils) 

*HLB stands for "Hydrophile-Lipophile Balance" 

A tight emulsion was prepared in the same manner as 
3 0 above except that each emulisifier, e.g. Igepal CO, was 
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present at a level of 3%, thus reducing the hydrocarbon oil 
mix to 52.5% of the total. 

The mill was operated at three different rolling 
speeds (2 0, 6 0 and 100 RPM) , two slab entry temperatures 
5 (300 and 500°C) and two reductions (20 and 50%) . The 
emulsion were applied to the aluminum alloy before the 
rolls and the "forward slip" results obtained are shown in 
Table 1 below: 



TABLE 1 



Speed [RPM] 


Forward Slip [%] 


high reduction [50%] 


low reduction [20%] 




Tight Emulsion 


Loose Emulsion 


Tight Emulsion 


Loose Emulsion 


20 


2.0 


1.0 


4.0 


4.0 


60 


1.5 


0 


1.5 


3.0 


100 


-3.0 


-7.0 


0.0 


3 . 0 



15 

Forward slip occurs during rolling, and reflects the 
speed difference between the roll and sheet. It is a 
significant process phenomenon because it arises as an 
effect of friction. High forward slip usually indicates 

20 high friction while low forward slip indicates low 

friction. Thus, "positive forward slip" means that the 
strip speed is faster than the roll speed i.e. caused by 
the metal exiting the roll bite at a faster rate than it 
enters due to the reduction in thickness occurring during 

2 5 rolling; "negative forward slip" means that the strip speed 
is slower than the roll speed i.e. caused by skidding 
between the rolls and strip. The results indicate that, at 
a 300°C slab entry temperature, there is a relationship 
between friction and emulsion oil droplet size. During 
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rolling at 50% reduction, forward slip was significantly 
lower with the loose than with the tight emulsions. On the 
other hand, at 20% reduction the trend was opposite. 

The function of a rolling emulsion is to lower the 
forward slip to an acceptable level. While this is 
partially alloy dependant, it is often around 5% positive 
slip. Control of forward slip by mechanically adjusting 
oil droplet size distribution according to the invention 
provides significant practical benefits, because 
excessively high forward slip can lead to surface quality 
defects on the slab, while negative forward slip can 
prevent rolling and introduce other types of surface 
defects due to skidding the rolls on the strip. Thus, the 
invention can be used to adjust the forward slip ultimately 
to the optimum level for each alloy being rolled. 
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Claims : 

1. In a process for rolling aluminum products in 
which the aluminum is passed between rolls of a rolling 
mill and roll bite friction is controlled by applying to 
5 the aluminum being rolled a lubricant comprising an oil-in- 
water emulsion having a specific oil droplet size, 

the improvement which comprises adjusting the oil 
droplet size of the emulsion to optimize the roll bite 
friction requirements of different sheet aluminum product 

10 or rolling mills or to compensate for emulsion degradation 
due to aging, the droplet size being adjusted by either (a) 
blending emulsion components from multi-tank storage or (b) 
passing a large droplet size emulsion through a homogenizer 
or mixer to obtain droplets of a desired size. 

15 2 . A process according to claim 1 wherein the 

blending of emulsion components or homogenizing to form the 
desired droplet size is carried out immediately before a 
roll bite. 

3 . A process according to claim 2 wherein the 

2 0 homogenizing is carried out in an in-line homogenizer. 

4. A process according to claim 2 wherein the rolling 
operation is carried out in a hot rolling mill. 

5. A process according to claim 2 wherein the rolling 
operation is carried out in a cold rolling mill. 
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